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ABSTRACT

Climatological wind and density data, by seasons, are presented
for twenty-five USSR stations. Tabulations of means, standard
deviations, and correlation coefficients, based on about ten years
of statistical data over the period of 1950 to 1962, are given, by
pressure levels (from surface to 100 millibars) for wind and by
geometric heights (from surface to 16221 meters) for density. For
purposes of description, graphical presentations of typical data
are given for selected cases. These data were obtained from
compilations and computations by the National Weather Records
Center, Asheville.
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FOREWORD

Mean seasonal wind and density data, applicable to twenty-five
USSR stations, are presented for information. These data are
believed to be of general interest to many activities. Although
similar data for at least several of the stations are known to have
been included in reports of broader studies, these earlier
publications are clAssified and'have hd'.limit6eddistribution.

Credit is due to the National Weather Records Center, Asheville,
for supplying the statistical data. The helpful guidance in the
preparation of this report of David R. Brown, Jr., Head of the
Geoballistics Division, Computation and Analysis Laboratory, and
Mrs. Doreen H. Daniels is acknowledged. Credit is also due 0

J. E. Clift, Computer Engineering Division, Computation and Analysis
Laboratory, for his assistance in planning the table formats.

0

6 PROVED FOR RELEASE:

0

/s/ R. H. LYDD&h
Ttchnical Director
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DESCRIPTION OF DATA

1. Definitions of Data Coverage

Climatological wind and density data are presented in this
report for twenty-five USSR stations (Figure 1 and Table 1). The
data are based on measurec1ents by means of operational radiosonde
equipment taken for a period of approximately ten years. The
twenty-five stations are located between north latitudes of about
40 and 69 degrees and between east longitudes of about 24 and 60
degrees. The wind observations were taken between January, 1950
and December, 1959; the density observations were taken between
January, 1950 and January, 1962. Appendix A provides tables of
mean seasonal wind components, standard deviations, and coeffi-
cients of correlation between levels, with respect to pressure
level. Appendix B provides tables of mean seasonal densities,
standard deviations, and coefficients of correlation between
levels, with respect to geometric hdight.

For each combination of station and season, Appendix A
provides a table of the following data for the wind at the surface
and for pressure levels of 850, 700, 500, 300, 200, and f00
millibars:

a. The mean wind components, north-south and east-west
(knots).

b. The standard d.viations of the mean wind components
(knots).

c. The coefficients of correlation between levels.

d. Number of observations (column heading designation
OBSN) included in the data at each level for compu-
tation of the mean components and standard deviations.

In each table, the data contained in the columns headed by MEW are-
the mean east-west wind components (a negative component indicates
a wind component from the west); the standard deviations of the
east-west components are given in the columns headed by SEW.
Correspondingly, the mean north-south wind components are given
in the rows headed by MNS (a negative component indicates a wind
component from the south); the standard deviations of the mean
north-south components are given in the rows headed by SNS. The
coefficients of correlation are presented by array, the rows and
columns of which are arranged in accordance with the pressure
levels. The coefficients of correlation for the east-west wind
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data are tabulated below the main diagonal of the array whereas
the coefficients of correlation for the north-south data are
tabulated above the main diagonal of the array.

For each combination of station and season, Appendix B
provides a table of the following data for the density at the
surface and at geometric heights of 1458, 3014, 5579, 7193, 9177,
11806, 13638, and 16221 meters:

a. The mean air density (kilograms mass per cubic meter).

b. The standard deviation of the mean air density
(kilograms mass per cubic meter).

c. The coefficients of correlation between levels.

d. Number of observations (column heading designation
OBSN) included in the data at each altitude for
computation of the m~ans and standard deviations.

e. The number designation for identification of each level.

In each table, the data contained in the rows headed by M are the
mean air densities; the standard deviations, multiplied by 10, are
contained in the rows headed by SxlO. The coefficients of
correlation are presented by array, the rows and columns of which
are arranged in accordance with the geometric heights.

The data of Appendices A and B are identified by a code number
indicating the station number as used in Figure 1, the season,
and the type of data, either wind or density. Within each
appendix, the first major grouping is by station number ( 1
through 25) and the second major grouping is by season (winter,
spring, summer, and fall, in that order, with symbols W, Sp, Su,
and F, respectively). For example, in Appendix A the first table
is identified by the code W-1 W, where the first W designates
wind (common to all tables in Appendix A), the 1 represents the
station number (in accordance with Figure 1), and the second W
indicates that the data apply to the winter season. The second
table of Appendix A is therefore coded W-lSp, the third table
W-lSu, and the fourth table W-lF.

2. Equations for Computation of Wind and Density Means, Standard
Deviations, and Coefficients of Correlation

The following equations are among those employed by the
National Weather Records Center in the computation of the data
given in Appendices A and B:

2
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E Xi

Mean = N

_ N E£ - ( X 1)
2

Standard Deviat ion L- XN(N-l)

(N E Xi Xj) (Y. XL Z Xj)
Coefficient of iJ i j

Correlation =[) 2  N 2
(between ith andL 

j)2

jth levels)

where,

XL - individual observation of data (wind or density) at
the ith level

N - the number of observations j.e_., the number of
soundings)

The value of N used in the computations of the means and standard
deviations is in most instances greater than that employed for the
computation of the correlation coefficients, since the latter
require that data be available for both levels of each combination
(ij) within a given sounding.

The density data were computed from observations of temperature,
pressure, and relative humidity as follows:

0.3486 (P - 0.377 Es RH)
p=

TK

where,

p - air density in kilograms mass per cubic meter

P - air pressure in millibars

Es - saturation vapor pressure, at temperature TK,
in millibars

RH - relative humidity (e..&., for RH of 50 percent,
use 0.50 in the equation)

TK - air temperature in degrees Kelvin

3
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It should be noted that the density data were procured at fixed
pressure levels, however, the data were processed for presentation
versus geometric height; that is to say the density data were not
simply tabulated versus the geometric height associated with the
standard atmosphere at the particular pressure level. In general,
this conversion is obtained by use of the following integral, in
the absence of direct measurements of the altitudes at which the
observations are made:

P

h-h - f I () dP
g Po P

where,

h - geometric altitude (ho is the surface altitude)

R - universal gas constant

g - acceleration due to gravity

T (P) - air temperature as a function of pressure level

P - air pressure (Po is the surface pressure)

3. Locations of Stations and Observational Record Summary

The latitudes and longitudes of the'twenty-five USSR stations,.
for which data are given in this report, are listed in Table l.and .
shown geographically in Figure 1. The stations are listed in
Table 1 by name and WMO number (World Meteorological Organization;,
the number designations are given in Reference 1) together with
the geographical co-ordinates, altitudes of the stations above
mean sea level, and periods of record for both the wind and
density data. Also given in Table 1 are numbers indicating the.
type of observation and the observation rate code, applicable to
both the wind and density data (specific details of the type and.
rate data are described in Reference 1). These are described, in
general, as follows:

a. Type of Observation

2 = 2 raobs per day (wind not tracked by electronic*.
equipment)

6 - 2 rawins per day (wind tracked by electronic
equipment)

4
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b. Rate Code

The first digit describes the percentage frequency that
data were received for the station:

1 - data received 90 percent of period and/or 90
percent of the possible observations of the
month

2 u data received 50-89 percent of period and/or
50-89 percent of possible observations.

The second digitdescribes the percentage frequency that
"observations reached' selected mandatory. levels:

2'- equal to or greater than 50 percent of
observations received reach the 100 mb level

"3 equal to or greater than 50 percent of
observations received reach the 300 mb level

4. Accuracy of Data

The climatological data given in this report are subject to
errors of various kinds (for example, observational and processing
errors). As far as is known, there is presently no pertinent
information as to the accuracy of the instruments and procedures
employed in making the observations and, hence, specific statements
concerning the reliability of the data cannot be made. Several
reports have been published, however, giving accuracies of radio-
"sondes used in the United States, References 2, 3, 4, and 5. For
example, the standard deviations of observational errors for the
"AN/AMT-4 radiosonde, as quoted in Reference 2, are as follows:

Pressure Temperature Relative Humidity

.l mb at 1000 mb *1C :5%

"±3 mb at 500 mb ±10C ±57.

""1.5 mb at 100 mb leC ±57.

The above errors in radiosonde measurements would produce air
A density errors of the following magnitudes:

.5
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Air Density Error
Pressure (Pelative to ARDC 1959)

'rmb) (M)

1000 0.4

500 0.8

100 1.6

The climatological seasonal mean densities were compared for
consistency with the monthly mean data given in Reference 6. It
was found that the monthly data, in terms of percent deviation from
the ARDC 1959 standard atmosphere, enveloped the seasonal data, as
given in Appendix B.

The errors in the wind data are even more difficult to assess.
Reference 5 indicates that the observational errors in radiosonde
measurements would be less than 10 knots in wind magnitude. The
decreasing number of observations with altitude constitutes the most
serious handicap in the wind climatological data. A bias is intro-
duced at the higher levels (a bias toward lower values) in that the
strong winds at the lower levels blow the balloon out of range
before it reaches the upper levels. The magnitude of the mean winds
given in Appendix A were compared with the monthly mean wind data
given in Reference 7. Here again, the date wire in reasonable
agreement.

Except for the possible bias in the upper wind data, it is
assumed that all the other errors in both the wind and density data
would be random, and would not produce significant biases in the
data as given.

6
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DISCUSSION

1. Wind Profiles

The variation with pressure level of the seasonal mean wind
components and standard deviations is shown in Figures 2, 3, and
4 for several typical stations, the latitudes and longitudes of
which are representative of the area covered by the data of this
report. Typical seasonal variations of the mean east-west compo-
nents of the wind profiles are shown in Figure 2. In general, for
all of the data recorded, the mean east-west components exceed the
mean north-south components by a factor of about 2 or 3; in order
to demonstrate this relation, Figure 3 shows a comparison of
typical mean east-west and mean north.-south components.
Representative values of the standard deviations of the mean
components, together with the corresponding means, are shown in
Figure 4. The data show that there is little difference in the
shapes of the profiles for the four seasons; typically, the
highest mean winds occur during the winter season and the lowest
mean winds occur during the spring season.- The mean wind profiles
exhibit an increase in the wind speed with altitude throughout most
of the troposphere with peak mean winds generally occuring at an
altitude of approximately 11 kilometers (in the region of the 300
and 200 millibar levels). Little seasonal variation is exhibited
in the mean surface winds; however, the seasonal variations of the
mean winds increase with altitude. Over the span of the locations
of the twenty-five stations, only slight variation of the mean
wind profiles with latitude is demonstrated; for example, at about
the 300 millibar level, the mean winds for the lowest latitudes
considered are only about 5 knots greater than the mean winds for
the highest latitudes considered. For all of the wind data
contained in this report, the standard deviation of the mean wind
(of the same order of magnitude for both the mean east-west and
mean north-south components) increases with altitude over most of
th. troposphere; at the surface, typical standard deviations are
from about 5 to 10 knots whereas at the 300 millibar level the
standard deviations are usually about 25 knots. The increases in
mean wind speed and variability with altitude, as shown by the
data of this report, are in agreement with the results reported in
Reference 8.

2. Density Profiles

The variation with geometric altitude of the seasonal mean air
densities, expressed as the percent departure from the ARDC 1959
model atmosphere, and the standard deviations are shown in Figures

7
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5, 6, and 7 for several typical stations, the latitudes and
longitudes of which are representative of the area covered by the
data of this report. Typical seasonal variations of the mean air
density are shown in Figure 5. For each of the seasons, Figure 6
shows the variation of mean air density with latitude. Repre-
sentative values of the percentage variability of the density are
shown in Figure 7 (percent variability is defined, for any given
altitude, as the standard deviation of the air density expressed
as a percentage of the mean air density). The data of Figures 5
and 6 clearly demonstrate the isopycnic level occuring at altitudes
of between 7 and 9 kilometers; at the isopycnic level, the
departures of the mean densities from that of the standard atmosphere
are usually less than 1 or 2 percent. The departures with respect
to the standard atmosphere above the isopycnic level are negatively
correlated with the departures below the isopycnic level; typically,
the density profiles with the largest departures near the surface
attain the largest departures above the isopycnic level (with the
sign of the departure opposite to that of the surface departure).
Above the isopycnic level, the data show (Figures 5 and 6) that the
maximum deviations from the standard atmosphere (negative for the
latitudes considered) occur at an altitude of approximately 13
kilometers. For the twenty-five stations, the largest departures
from the standard atmosphere, at both the surface and at an
altitude of about 13 kilometers, are exhibited during the winter
season, whereas typically the least departures are obtained during
the aummer season. The data of Figure 6 show that the departures
are strongly dependent on latitude, particularly above the isopycnic
level. Perhaps of some interest is the fact that the mean densities
below an altitude of about 3 kilometers usually tend towards a
positive departure, independent of the sign of the departure above
the isopycnic level. The percent variabilities of the mean seasonal
densities are shown in Figure 7 for several typical stations. For
the altitudes of the data considered, the maximum variabilities are
exhibited at an altitude of about 12 kilometers; the variability at
the surface, however, is only slightly less than at an altitude of
12 kilometers. The least variabilities are exhibited in the region
of the isopycnic level. The dependences on season and latitude of
the mean densities and variabilities as shown by the data of this
report are in general agreement with the results reported in
Reference 3.
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PLANNED REPORTS OF CLIMTOLOGICAL DATA FOR ADDITIONAL STATIONS

Climatological data for additional Eurasian stations are
expected-to be published during the latter part of 1963. These
data, applicable to 40 stations for wind and 37 stations for
density, are based on about two to ten years of observation during
the period of 1950 to 1962. The stations are located in the
geographical area from approximately 22 degrees north to 80 degrees
north and from approximately 35 degrees east to 180 degrees east.
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